problem, the most common etiologies of chest pain in children are benign and include musculoskeletal, gastrointestinal, pulmonary, idiopathic, and psychogenic causes (Table  II) . [2] [3] [4] [5] [10] [11] [12] In the largest review of patients seen in a cardiology clinic for chest pain, Saleeb et al 11 reported on a cohort of ~3700 patients seen over a 10-year period. The most common causes of chest pain were idiopathic (52%), musculoskeletal (36%), respiratory (7%), and gastrointestinal (3%). Only 37 of the 3700 patients seen (1%) had a cardiac etiology for chest pain, with supraventricular arrhythmias (n = 16) and pericarditis (n = 10) the most frequent causes. Only 9 patients (0.24%) had a cardiac conditions that put them at increased risk for sudden death, including myocarditis (n = 4), anomalous coronary origin from incorrect sinus of Valsalva (n = 3), hypertrophic cardiomyopathy (HCM; n = 1), and dilated cardiomyopathy (n = 1). The potentially life-threatening and more benign causes of cardiac chest pain were all identifiable by history, physical examination, and selected use of electrocardiography (ECG). Importantly, in more than 18 000 patient-years of follow-up of this cohort, there have been no missed diagnoses leading to cardiac death.
Despite the low prevalence of serious cardiac pathology in this population, chest pain generates considerable anxiety among patients, parents, and providers and often leads to evaluations that are low-yield, extensive, and costly. Owing largely to anxiety and misconceptions about the causes of chest pain in children, patients and their families frequently seek medical attention, and providers may have difficulty providing reassurance to families. Patients and their families vastly overestimate the prevalence of cardiac causes of chest pain while underestimating the more benign causes of chest pain, with families reporting that they suspect a cardiac etiology in more than 50% of cases, compared with the actual incidence of 0-5%. 1, 2, 13 In a study of 100 consecutive patients seen in a pediatric practice for noncardiac chest pain, 69% reported restricting their activity, 40% had school absences related to chest pain, 44% thought they were having a heart attack, and 12% feared they had cancer. 14 High levels of anxiety disorder have been documented in children with noncardiac chest pain and their parents, with 1 study finding psychiatric disorders listed in the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (predominantly anxiety disorder) in 60% of pediatric patients with noncardiac chest pain. 14, 15 Compared with patients seen for innocent murmurs, those with noncardiac chest pain have been shown to have greater levels of functional disability, somatization, and psychosocial distress, and to use significantly more health care services. 15, 16 Understanding the cardiac and noncardiac etiologies of pediatric chest pain helps guide evaluation and determine the need for referrals and additional testing. Causes of noncardiac chest pain are listed in a Table II . Musculoskeletal chest pain is the most common cause, accounting for up to 70% of cases; it is characteristically sharp, fleeting, and exacerbated by deep inspiration, and may be reproducible on palpation. The major cardiac causes of pediatric chest pain, and key red flag physical examination and history findings associated with each diagnosis, are listed in Table III. Owing to the acuity and severity of symptoms, most patients with chest pain related to serious cardiac pathology present to the ED, with a smaller number, typically with less acute chest pain, presenting in outpatient clinics. In a 10-year review, Kane et al 17 identified 171 patients with a serious cardiac condition who presented with chest pain. Only 41 of these patients (24%) presented through an outpatient clinic, 32 with a potentially serious cardiac diagnosis, included coronary anomalies (n = 21), HCM (n = 3), myocarditis (n = 1), pericarditis (n = 4), and pulmonary artery hypertension (HTN) (n = 1). The most common disgnoses in the ED diagnoses were pericarditis (n = 58), myocarditis (n = 45), and pulmonary embolus (n = 13). All patients who presented through outpatient clinics were identifiable by the presence of at least 1 of the following: exertional chest pain (n = 20), abnormal physical exam findings (n = 12), abnormal ECG findings (n = 5), or severe underlying systemic illness (n = 1). According to the authors, their results suggest that a careful and focused history and physical examination, along with a screening ECG, will identify essentially all patients with a serious cardiac condition.
Despite the low prevalence of serious cardiac pathology, extensive and costly cardiac evaluation, including exercise stress testing (EST), echocardiography, and ambulatory ECG, is common and often low yield. 3, 4, 11 EST is extremely low yield in this population, as evidenced by 3 recent studies of more than 600 pediatric patients with chest pain in whom EST detected no cardiac disorders. 2, 3, 18 Ambulatory ECG also has extremely low yield in this population and has no role in evaluating chest pain in the absence of palpitations or syncope. 3, 19 Echocardiography is also low yield and is considerably more likely to uncover incidental findings than the etiology of chest pain, 3, 4 but nonetheless it remains the modality of choice for patients with concerning history, examination, or ECG findings given its ability to diagnosis most of the serious cardiac conditions that can present with chest pain, including anomalous coronary artery origin, cardiomyopathies, pulmonary HTN, pericardial effusion due to pericarditis, and left ventricular outflow tract obstruction. Indications for and utility of various cardiac testing modalities in pediatric chest pain and syncope are summarized in Table III. As evidenced by the aforementioned findings of Saleeb et al 11 and Kane et al, 17 an approach based on targeted history, physical exam, and selective use of ECG can identify patients requiring further evaluation by subspecialists and cardiac testing. A standardized approach to pediatric chest pain is currently being implemented in our pediatric cardiology department as part of a broader quality improvement initiative known as Standardized Clinical Assessment and Management Plans (SCAMPs). SCAMPs are designed to reduce practice variation, optimize resource utilization, and improve patient care. 4, 5, 20 Although this SCAMP is intended for use by pediatric cardiologists, a similar management plan using specific red flag history and physical exam findings has been introduced for use by general pediatricians (Figure 2 ; available at www.jpeds.com). The algorithm uses history and physical exam red flag findings (Table IV) to trigger referral to cardiology for further evaluation.
As shown in the algorithm, patients with abnormal physical exam findings, abnormal ECG, or a high-risk medical or family history should be referred for further evaluation. Referral is also recommended for patients with anginal chest pain, exertional chest pain (ie, pain at moderate or high levels of aerobic activity) that cannot be attributed to respiratory disease or other clear etiology, chest pain with palpitations, or exertional syncope. Patients with fever, abnormal vital signs, tachypnea, and/or lung findings on physical exam should be referred to the ED or for chest radiography, depending on clinical status. This approach has been tested and validated in our outpatient cardiology clinic and has led to reductions in practice variation and in resource utilization for EST and ambulatory rhythm monitoring. 3, 4 Importantly, quality of care has been maintained as, with no known missed cardiac diagnoses in this cohort. 3, 4 
Case Resolution
Based on the exertional nature of his chest pain, the patient was referred to a pediatric cardiologist. At the cardiology visit, ECG and physical exam findings were normal. Echocardiography demonstrated a left coronary artery arising from the right sinus of Valsalva. The patient was referred for surgical correction.
Syncope Case
A 16-year-old female presented to her pediatrician after experiencing 2 recent syncopal episodes. One episode occurred at school after she stood to leave the classroom, and the other occurred while she was taking a shower. Both episodes were preceded by nausea, lightheadedness, and "tunnel vision."
What are concerning symptoms for a cardiac etiology of syncope? What further evaluation is warranted for this patient?
Syncope is a sudden transient loss of consciousness and postural tone as result of decreased cerebral blood flow, followed by spontaneous recovery. The mechanism of cerebral hypoperfusion is most commonly a transient reflex failure of peripheral vascular tone in combination with relative bradycardia, but also can be mechanical (eg, carotid stenosis, left ventricular outflow tract obstruction) or electrical (eg, rapid tachycardia, abrupt bradycardia). Syncope is a very common disorder with a bimodal incidence in children and adolescents, peaking in females aged 15-19 years. 5, 6 Up to one-third of the population will experience syncope at some point in life, and 15% will experience syncope before age 21. [21] [22] [23] [24] [25] Similar to chest pain, although syncope is common and usually benign, it frequently raises concern and anxiety about the possibility of serious underlying cardiac pathology and sudden cardiac death.
Although syncope is common, sudden cardiac death in young people is extremely rare, with an incidence of only 0.4-1.0 per 100 000. 26, 27 Benign etiologies, primarily neurocardiogenic syncope (NCS), are the most common cause of syncope in children, with NCS accounting for up to 75%-80% of cases. 22, 23, 25 An important task of the pediatrician is to differentiate the benign forms of syncope from those associated with increased risk for sudden cardiac death requiring further evaluation. A careful history, dynamic physical exam, and ECG, along with a sound understanding the causes of pediatric syncope and red flag findings that indicate a potentially serious condition, will allow providers to accurately distinguish the vast majority of cases of serious cardiac pathology from the more common benign etiologies. 5, 23, 24, 28 Various systems for categorizing syncope broadly classify syncope as cardiac, NCS (including reflex), metabolic, neurologic, or psychogenic (Table V; available at www.jpeds.com). Typical features of NCS are prominent prodromal symptoms, including nausea, dizziness, and tunnel vision, along with pallor, brief loss of consciousness, and minimal residual symptoms. 6, 24, 25 NCS is often triggered by prolonged upright positioning, standing in a warm shower, or sudden orthostatic changes. Features of cardiac syncope include acute collapse, often with exertion, and with few warning symptoms preceding the event. 6, 28, 29 Potential cardiac causes of syncope can be grouped into arrhythmic and mechanical causes. In a patient with any of the red flag signs or symptoms listed in Table VI or with abnormal physical exam or ECG findings, a cardiac etiology should be suspected, and referral for further evaluation is warranted. The traditional diagnostic screening of history and physical exam along with ECG will identify the vast majority of patients with a serious underlying cardiac disease. 6, 8, 21, 23 History should focus on characterizing prodromal symptoms, details of events, duration and frequency of events, residual symptoms after events, and symptoms associated with events. Syncope occurring during exercise is highly concerning and should prompt urgent referral and further investigation. In contrast, postexertional syncope is often attributed to NCS and related to vasodilation and shifting autonomic states. Syncopal events precipitated by noise or emotion are of concern for possible triggered ventricular arrhythmias, particularly long QT intervals, and also should prompt evaluation.
Physical examination should include a complete evaluation, with orthostatic vital signs, a full cardiac exam including dynamic auscultation, and neurologic exam. The presence of orthostasis supports a diagnosis of NCS or postural orthostatic tachycardia syndrome but does not exclude more serious etiologies. Pathological murmurs and/or gallop heart sounds may be detected in the setting of cardiomyopathies, myocarditis, or left ventricular outflow tract obstruction. Dynamic auscultation with the patient moving from squatting to standing may uncover a systolic ejection-type murmur related to dynamic left ventricular outflow tract obstruction in patients with HCM. A loud and/or unsplit second heart sound should raise concern for pulmonary HTN. ECG should be performed in all patients with syncope. Heart block, prolonged QT interval, Wolff-Parkinson-White syndrome, cardiomyopathies, significant right ventricular hypertrophy, and Brugada syndrome are cardiac causes of syncope that can be detected on resting ECG.
Evaluation is focused both on confirming the diagnosis of NCS and evaluating for potentially serious conditions carrying an increased risk of mortality or requiring therapy. Similar to the strategies for treating pediatric chest pain, we have instituted a structured approach to syncope through the use of a SCAMP that aims to reduce unnecessary testing and referrals while still identifying important etiologies. A diagnostic decision tree using physical exam findings, event description, family history, and ECG findings is presented in Figure 3 (available at www.jpeds.com). Red flag findings in any of these areas (Table VI) should trigger referral to a pediatric cardiologist. Routine use of echocardiography, ambulatory ECG, tilt-table testing, and EST are low-yield and expensive and may unnecessarily increase patient and family anxiety (Table III) . 30 A recent study of 480 children with syncope demonstrated that a rapid diagnostic screen of event history, positive family history, abnormal physical exam, or abnormal ECG identified 21 of 22 patients with a cardiac etiology. 7 In this study, echocardiography did not contribute to diagnosis in any patient. In a study of 495 patients undergoing ambulatory ECG for variety cardiac symptoms, monitoring was diagnostic only in patients with palpitations, and in patients with syncope, presyncope, or chest pain, ambulatory ECG had zero diagnostic yield. 19 Tilt-table testing has been suggested as a means of provoking NCS in susceptible patients to confirm the diagnosis. However, tilt-table testing has limited specificity, with as many as 40% of adolescents with no previous history of syncope demonstrating a positive tilt-table test. 6, 31 In addition, poor sensitivity (65%-75%) and reproducibility (50%-87%) limit the usefulness of tilt-table testing. 28, 32 EST may be reasonable in patients with exertional syncope, but not in those with typical syncope. 5 Patient and family reassurance and education on preventing or limiting the severity of further episodes are the first-line treatment for NCS syncope. 5, 6, 24, 28, 29 Adequate oral fluid and salt intake will help improve symptoms in up to 90% of patients. 28 Avoiding caffeine and using postural techniques to prevent venous blood pooling, including isometric extremity contraction, toe raises, and arm folding or leg crossing, may be helpful. Patients should be instructed to assume a supine position at the onset of prodromal symptoms, both to help abort the syncopal event and to limit injury should loss of consciousness occur. Fortunately, most patients, even those who are highly symptomatic, will demonstrate improvement in symptoms with age. Should symptoms increase in severity or frequency with conservative management, referral to a pediatric cardiologist for further evaluation and/ or empiric pharmacologic therapy may be warranted.
Case Resolution
This patient's physical exam and ECG findings were normal apart from a heart rate increase of 35 bpm on orthostatic vital signs. The pediatrician counseled the patient to increase her salt and water intake and to perform postural techniques to help prevent further vasovagal syncope. At follow-up 3 months later, the patient reported no additional syncopal episodes.
Discussion
Pediatric syncope and chest pain are common and generate considerable anxiety in patients, families, and providers. Owing in part to this anxiety, extensive costly and low-yield evaluation is often undertaken. In light of the impending changes in health care financing, providers need to assess areas of potential resource overutilization in their fields and to explore strategies for improving this situation. In this article, we have reviewed the causes of pediatric chest pain and syncope, as well as the red flag findings that should prompt further evaluation, and have proposed a balanced approach to evaluation of these symptoms focused on a detailed history and physical exam. This approach aims to optimize testing and referrals while recognizing the rare cases of significant heart disease presenting to the outpatient office with chest pain or syncope. Increased knowledge and use of systematic approaches and informed application of previous clinical experience should help ensure sufficient evaluation of chest pain and syncope by front-line providers. Annual cardiology clinic visits for chest pain and syncope at Boston Children's Hospital. Chest pain management algorithm. 
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ECG Electrocardiography
ED
Emergency department
EST
Exercise stress testing
HCM
Hypertrophic cardiomyopathy
HTN Hypertension
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Neurocardiogenic syncope
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Standardized Clinical Assessment and Management Plan
